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Abstract 
Clusters are common sites of star formation, and their members display varying degrees of mass 
segregation. The cause may be primordial or dynamical, or a combination both. If mass 
segregation were to be observed in a very young protostellar cluster, then the primordial case can 
be assumed more likely for that region. We investigated the masses and spatial distributions of 
pre-stellar and protostellar candidates in the young, low-mass star forming region Serpens South, 
where active star formation is known to occur along a predominant filamentary structure. In 
Plunke* et al. (2018) we presented ALMA observations of 1 mm (Band 6) continuum in a 3 x 2 
arcmin region at the center of Serpens South. Our angular resolution of 1 arcsec is equivalent to 
400 au, corresponding to scales of envelopes and/or disks of protostellar sources. We detected 52 
sources with 1 mm continuum, and we measured disk/envelope masses of 0.002-0.9 solar masses. 
For the deeply embedded (youngest) sources with no IR counterparts, we find evidence of mass 
segregation and clustering according to: the minimum spanning tree method, distribution of 
projected separations between unique sources, and concentration of higher-mass sources near to 
the dense gas at the cluster center. We conclude that the mass segregation of the mm sources is 
likely primordial rather than dynamical given the young age of this cluster, compared with 
segregation time. In this poster we also present an overview of statistical methods currently being 
used in the literature in order to quantify clustering, which previously had been used for stellar 
clusters and now can be used along with recent high-resolution/sensitivity mm-wave 
observations for the earlier cases of protostellar clusters.	
I. Introduction 
•  Serpens South is a young protostellar cluster with a high protostar 
fraction (ratio of Class 0/I sources to YSOs).	
•  Discovered by Gutermuth et al. (2008) with Spi*er in Gould Belt Survey.	
•  Distance: 436 ± 9 pc, same as Serpens Main, W40 (Ortiz-León et al. 2018)	
•  Age: 2 x 105  yr (Friesen et al. 2013)	
à  Due to its young age, this is a feasible region to test whether the distribution of 
protostars is primordial, or whether enough time has passed for significant 
dynamical evolution/disruption.	
II. Observations and data 
•  ALMA observations #2012.1.00769.S, PI: Plunke*	
•  Here we present Band 6 continuum 225.758 GHz (1.3mm)	
•  Including 12m and 7m array data	
•  HPBW 0. 96” x 0. 59” (419 x 256 au); MRS 29”	
•  137 (53) pointing, 3’x2’ mosaic map with 12m (7m) array	
III. Results 
IV. Discussion Ongoing work 
Conclusions 
•  66 prestellar/YSO candidates, 52 with ALMA mm detections	
•  Mm sources lie within dense gas (N2H+) filament.	
•  Dust/gas masses of envelopes and/or disks 0.002-0.9 M⦿	
•  Evidence for primordial mass segregation, according to MST and 
timescale estimates.	
à  This poster presents: Plunke* et al. 2018, A&A 615, A9	
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    1.3mm continuum, ALMA 
    N2H+ (1-0), CARMA 
Figure 1 (left):  N2H+ emission shown with grayscale (as well as contours as in 
right panel), zoomed out slightly from the region we mapped with ALMA in 
order to be*er display the dense gas filamentary structure of the region. Symbols 
indicate all identified sources in the region. Red (square, diamond, or circle) 
indicate a source detected with ALMA. Purple (star, cross, or plus) indicate 
sources identified by D15, but not detected with ALMA. In this display it is 
evident that the YSOs are forming in the dense filamentary region, with no mm 














































































































Figure 2: Zoomed views into designated regions of map shown in Fig. 1, 
especially to show morphologies and source identifications in crowded and/or 
fragmented cases. Contours are identical to Fig. 1, marking 5σ (dark green), 10σ, 
30σ, 50σ, 70σ (and thereafter increasing by increments of 50σ). Labels correspond 
to the source identification number in Col. 1 of Table A.1 (where sources are 










Most massive, 0.9 M⦿	
Least massive, 0.002 M⦿	
Median mass, 0.02 M⦿	
Sensitivity (5σ), 0.002 M⦿ 	
D = 436 pc;	
κν = 0.0188 cm2g-1 at 1.3mm;	
Td =  15K (no IR counterpart)	
         35K (IR counterpart)	
Source (in)stability (collapse):	

































































































































































Figure 1 (right): ALMA 1.3 mm continuum emission, shown in green 
contours with levels of 5σ (dark green), 10σ, 30σ, 50σ, 70σ (and 
thereafter increasing by increments of 50σ, where σ = 0.3 mJy bm−1 
corresponds to rms noise in a signal-free region). Gray and black 
contours show N2H+ emission at levels of 5σ and 10σ, respectively. 
Dashed magenta boxes outline the regions shown in “zoom” in Fig. 2.	
Figure 3: a) Millimeter mass vs. distance from “center”. The “center” refers to the plus-sign in Fig. 1 
(intensity weighted center of N2H+). b) Mass vs. N2H+ integrated intensity. c) Mass vs. N2H+ velocity 
dispersion. Here “mass” refers to mass of dust and gas based on 1.3 mm continuum emission.	
Figure 4: a) Minimum spanning tree, including with black, only mm sources with no IR counterpart (the most 
deeply embedded candidates); and with green, only mm sources with IR counterpart and classification of Class 0/
I. The upper x axis shows corresponding mm mass of the Nth source (considering only the embedded sources 
with no IR counterpart). b) Distribution of projected separations between unique pairs of millimeter sources 
(using Knuth binning scheme). Dark red histogram (filled) shows only mm sources with no IR counterpart, while 
light red (unfilled) histogram shows all sources with mm detection in our map. 	
all mm sources:	
    no IR counterpart	
    Class 0/I	
    Flat-spectrum SED	
Best fit	
power index	
− 1.4 ± 0.2	
☆ Most massive sources reside near the cluster center.	









☆ The 18 most massive (>0.04 M⦿) embedded (no IR counterpart) sources are more 
clustered than random samples of 18 sources in the map.	
☆ Projected separations of 500 - 73,000 au (0.002-0.35 pc), with peak at ~12,000 au 
(0.06 pc) (for embedded sources).   Note: Jean’s length is ~0.08 pc.	
☆ Mass segregation time, tseg =  0. 7/MYSO  Myr (i.e., it will take 7x105  yr to segregate 
a 1 M⦿  YSO), is greater than age of young sources.  	






✮Class 0/I	 No mass seg @ λ≅1	
Minimum Spanning Tree Diagrams:	
                	 Description	 Prestellar 
(no IR)	
Class0/I  	 All Sources	
Rcluster 
(“) 	
Cluster radius	 116.9	 94.5	 110.16	
s	 normalized correlation 
length (ratio of mean 
separation to Rcluster)	
0.43	 0.87	 0.57	
m 	 normalized mean edge 
length of the MST	
0.29	 0.51	 0.36	
Q 	 = m / s 	 0.67	 0.59	 0.63	
D	 Fractal dimension 
(“multiscale clustering”); 	
Fractal if 1.5 < D < 3	
2.25	 ???	 2.05	
I. The Q-parameter quantifies and 
distinguishes between a (relatively 
smooth) large-scale radial density 
gradient and multiscale (fractal) 




II. Core/protostellar Mass Function 
(CMF), and its relation with Initial 
stellar Mass Function (IMF). 	
	
II b. Our previous work identified 
sources by eye (above 5σ threshold, 
fi\ing 2D Gaussian).  We will test other 
clump finding algorithm(s).	
	
With: Isabelle Joncour, Frederique Mo\e.	
	
See Plunke* et al. (2018):	
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